The parsec-scale radio properties of 232 active galactic nuclei (AGNs), most of which are blazars, detected by the Large Area Telescope (LAT) on board the Fermi Gamma-ray Space Telescope have been observed contemporaneously by the Very Long Baseline Array (VLBA) at 5 GHz. Data from both the first 11 months (1FGL) and the first 2 years (2FGL) of the Fermi mission were used to investigate these sources' γ-ray properties. We use the ratio of the γ-ray to radio luminosity as a measure of γ-ray loudness. We investigate the relationship of several radio properties to γ-ray loudness and to the synchrotron peak frequency. There is a tentative correlation between γ-ray loudness and synchrotron peak frequency for BL Lac objects in both 1FGL and 2FGL, and for flat-spectrum radio quasars (FSRQs) in 2FGL. We find that the apparent opening angle tentatively correlates with γ-ray loudness for FSRQs, but only when we use the 2FGL data. We also find that the total VLBA flux density correlates with the synchrotron peak frequency for BL Lac objects and FSRQs. The core brightness temperature also correlates with synchrotron peak frequency, but only for the BL Lac objects. The low-synchrotron peaked (LSP) BL Lac object sample shows indications of contamination by FSRQs which happen to have undetectable emission lines. There is evidence that the LSP BL Lac objects are more strongly beamed than the rest of the BL Lac object population.
Introduction
The Large Area Telescope (LAT; Atwood et al. 2009 ) on board the Fermi Gamma-ray Space Telescope is a wide-field telescope covering the energy range from about 20 MeV to more than 300 GeV. It has been scanning the entire γ-ray sky once every three hours since July of 2008, with breaks for flares and other targets of opportunity. The majority of the sources (685 of 1451) in the Fermi LAT First Source Catalog (1FGL; Abdo et al. 2010a) have been identified with known radio blazars. These blazars typically are active galactic nuclei (AGNs) with strong, compact radio sources which exhibit flat radio spectra, rapid variability, compact cores with one-sided parsec-scale jets, and superluminal motion in the jets (Marscher 2006) . This trend continues in the newly released Fermi LAT Second Source Catalog (2FGL; Nolan et al. 2011) , compiled using the first two years of LAT data.
We previously presented findings on the relationships between the LAT-detected and non-LAT-detected populations of blazars (Linford et al. 2011; Linford et al. 2012) . Like other studies, we found a strong correlation between LAT flux and total VLBA radio flux density. We also found that the LAT and non-LAT BL Lac objects appeared to be similar in many respects, while the LAT flat-spectrum radio quasars (FSRQs) were extreme sources when compared to their non-LAT counterparts. Polarized emission at the base of the jets was also reported to be significantly more frequent in LAT blazars than in non-LAT blazars.
A major program to monitor the parsec-scale radio (15 GHz) properties of these γ-ray emitting blazars is the Monitoring Of Jets in AGN with VLBA Experiments (MOJAVE; Lister et al. 2009a; Homan et al. 2009 ). The MOJAVE and Fermi LAT collaborations recently published a paper detailing their investigations of parsec-scale properties of the γ-ray emitting blazars in their sample . They studied the relationships between radio properties and the γ-ray loudness (G r ; the ratio of γ-ray-to-radio luminosity) and synchrotron peak frequency (ν S peak ; the frequency where the synchrotron emission is at maximum). They reported significant differences in the G r distributions between the BL Lac objects and FSRQs. For their BL Lac objects, they reported strong correlations for G r -ν S peak and G r -γ-ray photon spectral index. They also reported a non-linear correlation between apparent jet opening angle and G r for their entire sample. Their high-synchrotron peaked (ν S peak > 10 15 ) BL Lac objects tended to have lower core brightness temperatures, linear core polarization, and variability than the rest of their BL Lac object population.
Here, we have analyzed our recent VLBA 5 GHz data, taken contemporaneously with LAT observations (Linford et al. 2012) , to see if we could reproduce the findings of Lister et al. (2011) . Our sample was slightly larger than the one presented in Lister et al. (2011) , with 232 sources in our sample compared to 173 in theirs. We had a larger fraction of BL Lac objects in our sample, and we also had more non-blazar AGNs (radio galaxies, AGN of unknown type, and one starburst galaxy). The objects in our sample spanned a larger range of radio flux densities, as the MOJAVE sample is targeting the brightest AGN and our sample is radio flux limited. We only had single observations on our sources, as we are not a monitoring program. This leads to some difficulties in comparing with the MOJAVE sample, especially in terms of apparent jet opening angle.
Another area that has garnered renewed interest in the Fermi -LAT era is the unification system for AGN (e.g., Urry & Padovani 1995) . Several groups (e.g., Nieppola et al. 2008 , Ghisellini & Tavecchio 2008 , Meyer et al. 2011 , and Giommi et al. 2012b ) have been investigating the "blazar sequence" , Ghisellini et al. 1998 , the relationship between blazar luminosity and synchrotron peak frequency. There have been hints (Vermeulen et al. 1995 , Ghisellini et al. 2009 , Giommi et al. 2012a , Meyer et al. 2011 ) that the population of BL Lac objects with low (below 10 14 Hz) synchrotron peak frequencies might actually contain some misidentified FSRQs which happen to have strong emission from their jets overpowering their emission lines. We investigated the possibility for this kind of "contamination" in our sample and present our findings here.
In Section 2 we define our sample. In Section 3 we discuss how we determined the γ-ray loudness and synchrotron peak frequency for our sources. In Section 4 we present our results and discuss their implications. In Section 5, we present evidence that our LSP BL Lac object sample may have some FSRQs hiding in it. Throughout this paper we assume ΛCDM cosmology with H 0 = 71 km s −1 Mpc −1 , Ω m = 0.27, and Ω Λ = 0.73 (e.g., Hinshaw et al. 2009 ).
Sample Definition
The radio observations of our 232 sources were done with the Very Long Baseline Array (VLBA) at 5 GHz between 2009 November and 2010 July. This is the sample described in more detail in Linford et al. (2012) . We included 90 sources that were follow-up observations of sources in the VLBA Imaging and Polarimetry Survey (VIPS; Helmboldt et al. 2007 ) as well as new 5 GHz observations of 7 MOJAVE sources. The VIPS follow-up (or "VIPS+") sample can be thought of as radio-selected as the sources were originally selected and observed prior to the launch of Fermi. The remaining 135 sources ("VIPS++") can be thought of as γ-ray-selected as they were specifically targeted due to their presence in 1FGL. Where possible, we used the optical classifications from the LAT Second Catalog of AGN (2LAC; Ackermann et al. 2011) . If a source was not in 2LAC, we used the classification from the LAT First Catalog of AGN (1LAC; Abdo et al. 2010b) . In general, a source is classified as a BL Lac object if its strongest optical emission line has an equivalent width (EW) less than 5Å and the optical spectrum shows a CA II H/K break ratio of less than 0.4. An object is classified as a FSRQ if it has a flat radio spectrum and its optical spectrum is dominated by broad (EW > 5Å) emission lines. While we do not suspect widespread misclassification (such a problem would have a serious negative impact on our results and the results of every other study based on LAT data), we do present evidence that some objects classified as BL Lac objects may actually be FSRQs (see Section 5). We should note that many sources classified in 1LAC as "non-blazar AGN" and "AGN of unknown type" were reclassified as BL Lac objects or FSRQs in 2LAC. Therefore, the optical classifications for some of our objects are different than in Linford et al. (2012) . Our 1FGL sample contained 105 BL Lac objects, 114 FSRQs, and 13 other types of AGNs (radio galaxies, AGNs of unknown type, and 1 starburst galaxy). Wherever possible, we used the 1LAC and 2LAC redshifts. If a source did not have a redshift listed in 1LAC or 2LAC, we searched the NASA/IPAC Extragalactic Database (NED).
With the release of 2FGL and 2LAC, we also had newer data on several of our sources. Unfortunately, not all of the sources in 1LAC were present in 2LAC, and some of our sources were among those dropped. Our 2FGL sample contained 215 objects; 98 BL Lac objects, 108 FSRQs, and 9 AGN/Other. Several 1FGL sources were dropped in 2FGL. The 2FGL was based on 24 months of observing and some sources that were in a high-activity state (i.e., flaring) during the 1FGL period later decreased in brightness below the LAT threshold and their average flux failed to meet the criteria for inclusion in 2FGL. For further discussion of the 1FGL-2FGL source comparisons, see Nolan et al. (2012) .
While our sample is not statistically complete (i.e., it does not contain all northern hemisphere sources with a flux density greater than 30 mJy), it is representative of the LATdetected blazar population. It covers a wide range in flux density but is more biased towards relatively weak (S < 1 Jy) radio sources compared to the sample in Lister et al. (2011) . Because of this, we can expect to have fewer sources with low (< 100) γ-ray loudness (see Section 3.1) than in the sample presented in . Also, we are likely to have more BL Lac objects in our sample than other studies with a higher flux density threshold. Our sample also covers a wide range of luminosities, synchrotron peak frequencies, and γ-ray loudness. As Lister et al. (2011) discussed, representative samples are appropriate for statistical investigations and selection biases are not expected to have significant impacts on our results. Obviously, the statistics of any study would be improved if a truly complete sample (i.e., simultaneous monitoring of all LAT-detected blazars observable by the VLBA) existed. However, such a sample would require a prohibitive amount of VLBA observing time (in fact, it would probably have to be the only project observed for an entire year) to be practical. Furthermore, a discussion of the biases introduced by our selection criteria would be, at best, speculation at this time as the complete parent sample of LAT sources has yet to be fully characterized. The 2FGL catalog contains 577 sources with no known radio or optical association, which means we do not know what 31% of the 2FGL sources are. Also, of the 1121 entries in 2LAC, 270 are "AGN of unknown type", 11 are simply described as "non-blazar AGN", and 6 are listed as "unidentified".
The sample presented in Lister et al. (2011) is the combination of 2 statistically complete samples: a radio-selected sample and a γ-ray selected sample. While the two samples on their own are complete, the combination is again representative. Their sample contains more objects with high (> 1 Jy) flux density than ours, but they did not have as many sources with low (< 500 mJy) flux density. Our sample contains more sources (232 versus 173), and in particular more BL Lac objects (105 versus 45), but our sample has fewer FSRQs (114 versus 123).
Gamma-ray Loudness and Synchrotron Peak Frequency

Gamma-ray Loudness
We adopted the definition of Lister et al. (2011) for "γ-ray loudness" as the ratio of the γ-ray luminosity to the radio luminosity. Unlike Lister et al. (2011) , we did not have multiple observations on our sources from which to determine a median radio luminosity. Instead, we only used a single observation to calculate a luminosity. Due to the variable nature of these blazars, this may not be the best representation of the sources' actual average luminosity. For the γ-ray luminosity, we used the average fluxes reported in the 1FGL and the 2FGL. The LAT measures γ-ray flux continuously from 20 MeV to over 300 GeV. For publication (e.g., in 1FGL and 2FGL) the measurements are later grouped into energy bands in order to provide spectral information. To obtain total γ-ray fluxes, we combined the fluxes from 3 bands where the LAT has the highest sensitivity: 100-300 MeV, 300 MeV -1 GeV, and 1-100 GeV. The fluxes were added and uncertainties were added in quadrature. However, some sources had only upper limits to their fluxes in certain bands. If a source's reported fluxes in one of the bands were upper limits, we use as the uncertainty half the reported flux in that band because the upper limits are given as 2-sigma results (Abdo et al. 2010a ).
To calculate the γ-ray luminosities, we used the same process as Lister et al. (2011) . We calculated the luminosities using data from both 1FGL/1LAC and 2FGL/2LAC, when available. We started with converting energy fluxes using the equation
where F 0.1 is the LAT flux from 100 MeV to 100 GeV in photons cm −2 s −1 , E 1 = 0.1 GeV, E 2 = 100 GeV, and C 1 = 1.602 × 10 −3 erg GeV −1 , and Γ 0 is the γ-ray photon spectral index which is set to 2.1 for this calculation. Next, the luminosity was calculated using the equation
where D L is the luminosity distance 1 in cm and Γ is the γ-ray photon spectral index from 1LAC and 2LAC.
We calculated the radio luminosities using the equation
where ν is 5 GHz, and S ν is the total VLBA flux density we measured at 5 GHz. We assumed a flat radio spectrum index (α=0) for the purposes of the k-correction and luminosity calculations.
The γ-ray loudness is then simply
for 1FGL measurements and
for 2FGL measurements.
All of our sources were significantly γ-ray loud. For the 1FGL data, the minimum G r,1F GL was 545 and the maximum was 187000, with an average value of 19500. For the 2FGL data, the minimum G r,2F GL was 404 and the maximum was 95100, with an average value of 13000. There are 2 possible explanations for this large change in maximum G r an the significant change in average G r : i ) the 2FGL data were averaged over 2 years, so any sources in a high-activity/flaring state in the 11 months of 1FGL would naturally have lower γ-ray flux when averaged over a longer period of time, and ii ) the 1 -100 GeV flux was calculated slightly differently for 2FGL than in 1FGL (Nolan et al. 2011) . We plot the 1FGL γ-ray versus radio luminosities in Figure 1 . The 2FGL luminosities were very similar to the 1FGL luminosities. Lister et al. (2011) , reported a significant difference between the distributions of G r for BL Lac objects and FSRQs. We did not find such a difference in our data. To examine the likelihood that the BL Lac objects and FSRQs were unrelated, we used the KolmogorovSmirnov (K-S) test 2 (e.g., Press et al. 1986 ). The K-S test returned a 8% probability that the 1FGL BL Lac objects and FSRQs were drawn from the same parent population. For the 2FGL data, the K-S test result was 18%. See Figure 2 for a plot of the G r distributions.
Peak Synchrotron Frequency
The frequency at which the synchrotron radiation is at a maximum (ν S peak ) is typically found by making many measurements of the spectrum of a source and fitting a polynomial to these measurements (e.g., Nieppola et al. 2006) . Ideally, one would like to have simultaneous multi-frequency measurements covering as much of the spectrum as possible. Unfortunately, such large simultaneous data are rarely available. When possible, we found estimates for ν S peak in the literature (see Table 1 ). It should also be noted that ν S peak is known to be variable (Rani et al. 2011 ). Therefore, we made an effort to use the most recent published data. We were able to find published ν S peak values for 102 of our sources, more than half of which came from Meyer et al. (2011) .
If we could not find a published value of ν S peak , we employed the technique used in 2LAC. We used the average radio-optical (α RO ) and optical-x-ray (α OX ) spectral indices and the formula given in Abdo et al. (2010c) . log(ν S peak ) = 13.85 + 2.30X for X < 0 and Y < 0.3 13.15 + 6.58Y otherwise (
Here, X = 0.565 − 1.433α RO + 0.155α OX and Y = 1.0 − 0.661α RO − 0.339α OX . As per Giommi et al. (2012a) , the ν S peak for FSRQs was reduced by 0.5 in log space. Also, all ν S peak determined using the 2LAC method were expressed in the source rest frame. For those BL Lac objects without a measured redshift, the median BL Lac object redshift of 0.27 from the 2LAC was used, but only for the purposes of estimating ν S peak (i.e., we did not use this redshift to compute the luminosities). We used the 2LAC estimation method to find ν S peak values for 76 of our sources.
If we could not find a published value and the α RO and/or α OX numbers were not in 2LAC, we used flux measurements from the NASA/IPAC Extragalactic Database (NED) and fit a quadratic to the data in log(νF ν ) − log(ν) space. Again, we used the most recent measurements available. The ν S peak 's found in this way are not as reliable as the 2LAC method, but they do tend to be reasonably close. To check the accuracy of the NED-fit method, we made fits for all of our sources. We threw out any fits that had less than 8 points for fitting and any that were obviously suspicious (ν S peak,f it < 12 and ν S peak,f it > 19), and then compared the remaining values to the published and 2LAC estimated values. We calculated how close the ν S peak,f it was by using
The mean for ∆ % was 6.3%. The median was 3.7%. While this is not ideal, we feel it shows that the ν S peak,f it 's are still acceptable estimates for those sources without a better alternative. We were able to obtain ν S peak,f it estimates for 28 of our sources: 18 FSRQs, 8 BL Lac objects, and 2 AGN/other objects. This brings our total number of sources with ν S peak values to 206. As per the 1LAC convention, our sources were divided into 3 types based on their ν . For brevity, we will refer to the HSP BL Lac objects as "HBLs", ISP BL Lac objects as "IBLs", and LSP BL Lac objects as "LBLs". We had 42 LBLs, 24 IBLs, and 29 LBLs in our sample. We could not get good estimates of ν S peak for the remaining 11 BL Lac objects. For the FSRQs, 99 were LSP type, and 3 were ISP type. Notice that we do not have any HSP FSRQs in our sample. We could not get reliable ν S peak estimates for 12 of our FSRQs.
We applied the Spearman test 3 (e.g., Press et al. 1986 ) to look for correlations between G r and ν S peak in our data. We found mostly weak or tentative correlations for our sample. For the 1FGL data, the BL Lac objects had the only significant correlation with a ρ S of 0.46 and a p of 4 × 10 −4 . The FSRQs in the 1FGL data had a very tentative correlation with a ρ S of 0.24 and a p of 0.02. We plot our 1FGL data in Figure 3 . For the 2FGL data, both the BL Lac objects and the FSRQs showed low-significance correlations. The 2FGL BL Lac objects had a ρ S of 0.40 and a p of 0.003 while the FSRQs had a ρ S of 0.28 and a p of 0.006.
The 1FGL result tentatively confirms the correlation by Lister et al. (2011) who found a good correlation for the BL Lac objects, and no correlation for the FSRQs. However, the low-significance results from the 2FGL data cast some doubt on the correlation for the BL Lac objects and also call into question whether or not there is a correlation for the FSRQs. Also, note that in Figure 3 we have a handful of sources with high ν S peak and relatively low G r . With our large range in both, we do not suspect a selection effect here. However, Lister et al. (2011) had significantly fewer HBLs than we had in our sample (17 versus 30), so their result of a strong, positive correlation may have been caused by a selection effect. It does not seem to be caused by the fact that they were more biased towards high flux density objects. We limited our BL Lac object sample to those brighter than 200 mJy and again to those brighter than 100 mJy, and in both cases our correlations became weaker than when we used our full sample.
A strong correlation between G r and ν S peak would indicate that the synchrotron selfCompton (SSC) model for γ-ray emission is more likely. That is, the seed photons for the inverse Compton scattering to γ-ray frequencies are internal to the source (i.e., provided by the synchrotron emission) and therefore both the synchrotron and inverse Compton emission have roughly the same Doppler factors. However, the fact that we see a lower significance correlation in the 2FGL data indicates that such a model may not be as accurate as previously thought. The tentative correlation between G r,2F GL and ν S peak for the FSRQs could indicate that at least some fraction of their inverse Compton emission is SSC, but their seed photon population may be enriched by photons external to the synchrotron emitting region (i.e., external inverse Compton scattering) such as the dusty torus or broad line region (BLR). Again, the low significance value for the correlation should make one cautious in drawing such a conclusion.
Results and Discussion
Total VLBA Flux Density
We found very strong correlations between the total VLBA flux density at 5 GHz and the synchrotron peak frequency for our BL Lac objects and FSRQs. The Spearman test result on the BL Lac objects was a ρ S of -0.56 and a p of 5 × 10 −9 . The results for the FSRQs were a ρ S of -0.33 and a p of 7 × 10 −4 . See Figure 4 for a plot of our flux density versus ν S peak . The S 5 − ν S peak correlation is expected for the BL Lac objects and was also seen by Lister et al. (2011) . The higher the ν S peak , the lower the radio flux density is going to be at 5 GHz which will contribute to a higher G r . The FSRQs were not expected to show such a strong correlation. Lister et al. (2011) reported that their FSRQ sample showed no sign of correlation. It is possible that, because the MOJAVE program focuses on the brightest AGN, their sample did not contain enough low flux density objects to show a correlation. In fact, if we limit our FSRQ sample to those with S 5 > 250 mJy (excluding the 22 dimmest FSRQs with valid ν S peak 's), we no longer see a significant correlation (ρ S = −0.04 and p = 0.74).
Gamma-ray Photon Spectral Index
Lister et al. (2011) reported a significant linear correlation between the γ-ray loudness and γ-ray photon spectral index for their BL Lac objects. We do not see a strong indication of this in our data. We used both 1FGL and 2FGL data, and only the 2FGL data showed any hint of this correlation. However, with a ρ S of -0.25 and a p of 0.06, it is still too low a significance to claim a correlation in our sample. See Figure 5 for a plot of the 2FGL γ-ray loudness versus γ-ray photon spectral index. We should note that while our sample covers a very large range in G r , we do not have the low G r (G r < 100) objects that Lister et al. (2011) had in their sample. It is possible that adding these low G r sources would lead to a strong correlation.
However, we do confirm the correlation between γ-ray luminosity and γ-ray photon spectral index reported by Ghisellini et al. (2009) and Chen & Bai (2011) . For the 1FGL data, the Spearman test gives a ρ S of 0.43 and a p of 2 × 10 −9 for the full sample. The 2FGL data also showed a correlation with a ρ S of 0.35 and a p of 4 × 10 −6 . Breaking the sources up by type, only the BL Lac objects show a correlation in either 1FGL (ρ S = 0.54, p = 8 × 10 −6 ) or 2FGL (ρ S = 0.50, p = 10 −4 ). See Figure 6 for a plot of the 1FGL γ-ray photon spectral index versus γ-ray luminosity (the 2FGL plot looks similar and is not shown). Ghisellini et al. (2009) and Chen & Bai (2011) argue that this correlation indicates that the low-luminosity-low-ν S peak sources have lower black hole masses than the high-luminosityhigh-ν S peak sources. That is, the black hole mass, not beaming, may be responsible for the observed properties of low-luminosity LBLs. However, our results from investigating the core brightness temperature and variability (below) do not support this.
Core Brightness Temperature
We found a correlation between the core brightness temperature and the peak synchrotron frequency for our sources. When we applied the Spearman test to the entire sample, we found a ρ S value of -0.40 and a p of 4 × 10 −9 . However, when we broke the sample up by optical type, only the BL Lac objects showed a significant correlation (ρ S = −0.55, p = 10 −8 ). See Figure 7 for a plot of the core brightness temperature versus ν S peak . High core brightness temperatures are generally associated with large Doppler factors (e.g., Tingay et al. 2001) . Therefore, it would seem that the LBLs are more strongly beamed than the HBLs. Recall from Section 5.3 that the HBLs also tend to have larger G r . Combining their high G r and low core brightness temperatures indicates that the HBLs are probably more efficient at producing γ-rays. The LBLs, on the other hand, may be seen as γ-ray loud thanks to higher Doppler factors. Lister et al. (2011) did not report finding a correlation between core brightness temperature and ν S peak , but they did note that their HBLs tended to have lower core brightness temperatures than the IBLs and LBLs.
Apparent Jet Opening Angle
We measured the mean apparent opening half angle for each source with core-jet morphology following the procedure described in Taylor et al. (2007) . This method relies on averaging the apparent opening angles found for each jet component in a source. That is, the apparent opening angle is measured for several (more than 2) jet components. The half-opening angle is calculated for each component to be
where x ′ and y ′ are the positions of the component in a rotated coordinate system with the x'-axis aligned with the jet axis, and dr is the deconvolved Gaussian size perpendicular to the jet axis. The final mean opening angle for the source is the average of all of the opening angles for the individual jet components. Lister et al. (2011) reported a non-linear correlation between the opening angle and the γ-ray loudness. We found a tentative correlation, however only when we used the 2FGL data. When we performed the Spearman test on all 33 sources with both a measured opening angle and a 2FGL γ-ray flux (including the radio galaxy NGC 6251), we found a ρ S of 0.57 and a p of 5 × 10 −4 . When we break the sources up by type, we only see a tentative correlation for the FSRQs (ρ S =0.62, p=0.004), however the sample sizes are very small. We only had 36 objects with opening angle and G r measurements in 1FGL, and 33 in 2FGL. The sample in Lister et al. (2011) , on the other hand, contained well over 100 sources. See Figure 8 for a plot of the 2FGL γ-ray loudness versus opening angle. We should also note that Lister et al. (2011) made their measurements of the apparent opening angle using mean sizes of jet components over several epochs, not the mean of multiple apparent opening angles from several components in a single observation as we did. The fact that MOJAVE is a monitoring program makes it much better suited to investigating the apparent (and intrinsic) opening angles than our sample.
Polarization
To measure the polarization properties of our sources, we used the Gaussian mask method described by Helmboldt et al. (2007) . With this method, mask images were created using the Gaussian fit components in the Stokes I image to define the core and jet components. We then created mask images using the polarized intensity maps and mask out any pixels that do not have a signal-to-noise of at least 5 (compared to the noise image generated by the AIPS task COMB). The two mask types were then combined (multiplied) and applied to both the Stokes I and polarized intensity maps. Additionally, in order to be considered "polarized", a source had to have a polarized flux of at least 0.3% of the Stokes I peak value (to avoid leakage contamination). See Linford et al. (2012) for more discussion on the polarization poperties of our sources. Lister et al. (2011) reported that the HBLs in their sample tended to have lower core fractional polarization levels. We also see an indication of this in our sample. Our Spearman test returned only a very marginal correlation between core fractional polarization and ν S peak for the BL Lac objects, with a ρ S value of -0.25 and a p of 0.04. However, we do note that the maximum HBL core fractional polarization is definitely less than the maximum for the IBLs or LBLs. We did not find any correlation between core fractional polarization and ν S peak for the FSRQs (see Figure 9 for a plot).
Radio Variability
It is well known that blazars tend to be highly variable sources. It is believed that this variability is related to Doppler beaming (e.g., Hovatta et al. 2009 ) because small changes in bulk material velocity and/or orientation angle can lead to large changes in the observed flux. It has also been shown that Doppler beaming can shorten the apparent timescales of flaring events (e.g., Lister 2001) . We used the modulation index from the Owens Valley Radio Observatory (OVRO) blazar monitoring program (Richards et al. 2011 ) as a measure of our sources variability. The modulation index is the standard deviation of the distribution of source flux densities in time divided by the mean flux density. Our sample and the OVRO sample had 120 sources in common. Richards et al. (2011) reported that the FSRQs in their sample tended to have larger variability than the BL Lac objects. We did not see strong evidence for this in our sample, but we should note that our sample is considerably smaller than Richards et al. (2011) . However, we did find that the HBLs tend to have relatively low variability (see Figure 10) . We also found a tentative correlation between the modulation index and ν S peak for the both the BL Lac objects and the FSRQs. The Spearman test results for the BL Lac objects were a ρ S of -0.33 and a p of 0.02. This is another indication that the HBLs may not be as strongly beamed as the LBLs. Interestingly, the FSRQs showed tentative positive correlation with a ρ S of 0.34 and a p of 0.007. However, it is hard to convince oneself that such a correlation exists for the FSRQs by examining Figure 10. 
Favoring 2LAC Estimates of Peak Synchrotron Frequency
As we mentioned in Section 3.2, we opted to use the most recent published values of ν S peak when available. However, it is likely that there were variations in how those values were determined in different studies. An alternative to using recent published values is to use the 2LAC estimation method for as many sources as possible, and fill in the blanks with published and NED-fit values. While the 2LAC method has been shown to be a reasonable estimate of ν S peak , it is still an empirical estimate and does not always agree well with values calculated from fitting the SEDs.
We created a second data set favoring the 2LAC estimates of ν S peak and applied the Spearman test again to look for correlation. For this secondary data set, we used the 2LAC estimated ν S peak values for 165 of our sources. We also used 13 published values and 28 NEDfit values when the 2LAC estimation could not be calculated. In general, the correlations reported above were still present, but with slightly reduced ρ S values (indicating weaker correlation) and increased p values (indicating less significant correlation). We did find a handful of significant differences when relying on the 2LAC values. First, the FSRQs do not show any significant correlation for G R and ν S peak in either 1FGL or 2FGL. Second, we no longer see any significant correlation between ν S peak and core fractional polarization for the BL Lac objects. Finally, we no longer see any correlation between ν S peak and the modulation index (variability) for either BL Lac objects or FSRQs. It should be noted that all the correlations that disappeared when relying on the 2LAC ν S peak estimates were marginal or tentative correlations using the published ν S peak values.
Misidentified BL Lac Objects?
It has recently been argued that some of the low-synchrotron BL Lac objects may not actually be BL Lac objects (e.g., Ghisellini et al. 2009 , Giommi et al. 2012a ). In fact, it is possible that BL Lacertae itself is not actually a BL Lac object (Vermeulen et al. 1995) . The argument made is that some objects classified as LBLs are actually FSRQs with exceptionally strong jets and the broad line region (BLR) is simply not visible due to the jet emission overpowering the emission from the BLR (or, more familiarly, the jet is "swamping" the BLR). The lack of obvious broad lines leads the astronomical community to mis-classify some sources as BL Lac objects.
To investigate this possibility, we compared the LBLs to the combined HBL+IBL population and to the FSRQs. We looked at every parameter we had measured, and found that there are indeed several instances where the LBLs appear to be very different from the rest of the BL Lacs and are more like the FSRQs. In particular, the distributions of the total VLBA radio flux density (see Figure 11) showed significant difference between the LBLs and the rest of the BL Lac objects. We applied the K-S test to the distributions of total radio flux density and found that the probability of the LBLs and HBL+IBLs being drawn from the same parent sample was 6 × 10 −8 . The core brightness temperatures for LBLs are also very unlike the core brightness temperatures of the rest of the BL Lac objects (see Figure 12) . The K-S test result for the core brightness temperatures was a probability of 6 × 10 −5 that the LBLs and HBL+IBLs were drawn from the same parent sample.
Interestingly, the K-S tests on the 1FGL and 2FGL γ-ray loudness distributions seem to indicate that the LBLs are not related to either the IBL+HBL or the FSRQ populations. The apparent opening angle distributions were the only example where the LBLs showed strong likelihood of being unlike the FSRQs while not being very different from the IBL+HBL population. However, this may simply be the result of low-number statistics. Lister et al. (2011) found a difference between the core fractional polarization between the LBLs and HBLs. We do not see any strong evidence for this in our sample. However, we should note that we do not use lower limits on our "unpolarized" sources, whereas the MOJAVE group did (Talvikki Hovatta, private communication). Recall that we set "unpolarized" sources to have a core fractional polarization of 0% and we only included sources with non-zero core fractional polarization in our "polarized" sample. Therefore, we will naturally have different results than if we had included lower limits on those sources. Lister et al. (2011) argued that their G r − ν S peak correlation for BL Lac objects indicates that the LBLs and HBLs should belong to the same parent population. However, we would argue that having some contamination of FSRQs masquerading as LBLs would not necessarily destroy any statistical correlation. Furthermore, we did not find as strong of a G r − ν S peak correlation for the BL Lac objects in our data. To test our hypothesis that adding FSRQs to the LBL population would not destroy a statistical G r − ν S peak correlation, we created contaminated samples by deliberately including known LSP FSRQs in our BL Lac object sample. We then used the Spearman test to look for correlation in the contaminated samples. Using 1FGL data, we found that after increasing the LBL sample size by 25% with contaminating LSP FSRQs, the correlation results did not change significantly, and the correlation is still tentative after increasing the LBL sample size by 50% and 100%. Using 2FGL data, the correlation becomes tentative after increasing the LBL sample size by 25%, but it remains a tentative correlation even after increasing the LBL sample size by 50% and 100%. See Table 2 for our full results.
While we cannot say for certain that we have some FSRQs masquerading as LBLs, it does seem likely. Unfortunately, we cannot separate the misidentified BL Lac objects from the real ones just yet. This will require monitoring these LBLs and watching for ones that have a drop in jet power leading to detection of a BLR (Vermeulen et al. 1995) .
Summary and Conclusions
We have analyzed a sample of 232 LAT-detected AGN using both 1FGL and 2FGL data to compare our results with those of Lister et al. (2011) . All of the sources in our sample are significantly γ-ray loud. We did not find a significant difference between the distributions of G r for BL Lac objects and FSRQs. Using 1FGL data, we find a weak correlation between G r and ν S peak for the BL Lac objects and a tentative correlation for the FSRQs. Using 2FGL, we found a very tentative G r -ν S peak correlation for both FSRQs and BL Lac objects. Looking at the parsec-scale radio properties of our sources, we find a very strong correlation between total VLBA flux density and ν S peak for both BL Lac objects and FSRQs. We could not confirm the correlation between G r and the γ-ray photon index reported by Lister et al. (2011) , but we did confirm the correlation between γ-ray luminosity and γ-ray photon index reported by other groups. We also found a very strong correlation between the core brightness temperatures and ν S peak for BL Lac objects. Although we had a limited sample of apparent jet opening angle measurements, we were still able to tentatively confirm the correlation with G r reported by Lister et al. (2011) . We did not find any evidence of a correlation between core fractional polarization and ν S peak . We found a tentative negative correlation between radio variability (modulation index) and ν S peak for the BL Lac objects and a tentative positive correlation for the FSRQs. The fact that the core brightness temperature shows a positive correlation with ν S peak and modulation index shows a negative correlation with ν S peak indicates that the LBLs are more strongly beamed than the IBLs and HBLs. The LBLs in our sample often appear to be different for the rest of the BL Lac objects. In particular, we found significant differences in the distributions of core brightness temperatures and total VLBA flux density. It seems likely, therefore, that our LBL population contains some misidentified FSRQs which may have their BLR swamped by their jet emission. While Lister et al. (2011) argued that a G r -ν S peak correlation for the BL Lac objects indicated that the LBLs were related to the IBLs and HBLs, we found that deliberately contaminating our LBL sample with known FSRQs did not change our (albeit weak) correlation significantly.
Future studies of large samples of blazars, which should include both very high and low flux density objects, should be conducted to further investigate the relationships between G r , ν S peak , and the parsec-scale radio properties. Long-term monitoring of LBLs may also present clear evidence that some of these objects are actually FSRQs.
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Richards, J. L., Max-Moerbeck, W., Pavlidou, V., et al. 2011, ApJS, 194, 29 Taylor, G. B., Healey, S. E., Helmboldt, J. F., et al. 2007 , ApJ, 671, 1355 Tingay, S. J., Preston, R. A., Lister, M. L., et al. 2001 , ApJ, 549, L55 Urry, C. M. & Padovani, P. 1995 Vermeulen, R. C., Ogle, P. M., Tran, H. D., et al. 1995 , ApJ, 452, L5 Wright, E. L. 2006 , PASP, 118, 1711 This preprint was prepared with the AAS L A T E X macros v5.2. Fig. 1 .-1FGL γ-ray luminosity versus total VLBA luminosity at 5 GHz. Black squares indicate BL Lac objects, blue triangles are FSRQs, and red circles are AGN/other. Unfilled symbols are used for sources in VIPS+ and filled symbols are used for sources in VIPS++ (see Section 2). The dashed green line indicates a 1:1 luminosity ratio; any source above this line is considered γ-ray loud. The "other"-type source in the lower left is the starburst galaxy M82. The 2FGL luminosity-luminosity plot is very similar. -1FGL γ-ray to radio luminosity ratio versus synchrotron peak frequency. Unfilled symbols are used for sources in VIPS+ and filled symbols are used for sources in VIPS++ (see Section 2). The dashed lines indicate the divisions between low-, intermediate-, and high-synchrotron peaked objects. The LSP "other"-type object with low G r is the radio galaxy NGC 1275. The ISP "other"-type object with the relatively high G r is the starburst galaxy M82. The plot for G r,2F GL versus ν S peak is very similar. -γ-ray loudness versus γ-ray photon spectral index (all data from 2FGL). Unfilled symbols are used for sources in VIPS+ and filled symbols are used for sources in VIPS++ (see Section 2). The "other"-type object with low G r and a photon spectral index of about 2 is the radio galaxy NGC 1275. -γ-ray photon spectral index versus γ-ray luminosity (all data from 1FGL). Unfilled symbols are used for sources in VIPS+ and filled symbols are used for sources in VIPS++ (see Section 2). The "other"-type object on the extreme left is the starburst galaxy M82. ) Fig. 8 .-2FGL γ-ray to radio luminosity ratio versus apparent jet opening angle. Unfilled symbols are used for sources in VIPS+ and filled symbols are used for sources in VIPS++ (see Section 2). The lone "other"-type object is the radio galaxy NGC 6251. The 1FGL data did not show a correlation. 
